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The influence of incidental abdominal aortic
aneurysm monitoring on patient outcomes
Carl van Walraven, MD, MSc, FRCPC,a,b Jenna Wong, MSc,b,c Kareem Morant, MD,a
Alison Jennings, MA,b Peter C. Austin, PhD,c Prasad Jetty, MD, MSc, FRCSC,a,b and
Alan J. Forster, MD, MSc, FRCPC,a,b Ottawa and Toronto, Ontario, Canada
Background: Incidental abdominal aortic aneurysms (AAAs) are identified when the abdomen is imaged for other reasons.
These are common, and many undergo incomplete radiological monitoring. The association between monitoring
completeness and population-based outcomes has not been studied.
Methods: A cohort of incidental AAAs (defined as previously unidentified aortic enlargement exceeding 3 cm found on an
imaging study done for another reason) was linked to population-based data. Patients were followed to elective AAA
repair, AAA rupture, death, or March 31, 2009. Monitoring completeness was gauged as the sequential number of
months without a recommended abdominal scan. Its association with time to elective AAA repair and time to death was
measured using a multivariable Cox regression model adjusting for other important covariates.
Results: We identified 191 incidental AAAs between 1996 and 2004 (median diameter of 3.5 cm [range, 3.0-5.3 cm],
median follow up of 4.4 years [range, 0.6-12.7 years]). During the study, patients spent a median of 19.4% of their time
with incomplete AAA monitoring (interquartile range [IQR] 0.3%-44%); 56 patients (29.3%) had no follow-up imaging
of their aneurysm. Nineteen patients (10.0%; 2.0% per year) underwent elective AAA repair, and 79 patients (37.7%; 7.6%
per year) died. Independent of important covariates, people were significantly less likely to undergo elective repair (hazard
ratio [HR], 0.03) and significantly more likely to die (HR, 2.99) if their AAA went without radiological monitoring for
1 year.
Conclusions: Incomplete incidental AAA radiological monitoring was significantly associated with a decreased risk of
elective AAA repair and an increased risk of death. While uncontrolled confounding might explain part of these
associations, clinicians should ensure that radiological monitoring of AAAs is complete in appropriate patients. ( J Vasc
Surg 2011;54:1290-7.)
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cIncidental findings during radiological examinations
are unexpected abnormalities that are identified when tests
are conducted for other reasons. Studies have shown that up
to 20% of radiological tests identify incidental findings.1-5
Whether or not patient health is improved by their
identification has been questioned.1
However, detecting an incidental abdominal aortic an-
eurysm (AAA) can unquestionably benefit a patient as long
as its growth is radiologically monitored, and the aneurysm
repaired—in appropriate candidates—when suitably en-
larged. Previous studies have found that incidental AAAs
were identified in 1% to 2% of abdominal imagings.6,7 Our
group has also found that follow-up imaging of incidental
AAAs is incomplete, with 29% of people having no imaging
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1290nd one-fifth of patient time spent without radiological
onitoring.8
AAAs usually enlarge over time.9 Without repair, the
isk of rupture and subsequent death is increased. There-
ore, one would expect that incomplete follow-up imag-
ng could be associated with a decreased likelihood of
epair and an increased likelihood of both AAA rupture
nd death. Radiological monitoring in our previous
tudy8 was limited to those at our hospital and could not
apture patient mortality. In addition, no study has ever
easured the association between radiological monitor-
ng and mortality. In this study, we used population-
ased data to determine if the risk of elective AAA repair
r death varies by the completeness of incidental AAA
ollow-up imaging.
ETHODS
This study was approved by the Ottawa Hospital Re-
earch Ethics Board. All data were anonymized throughout
he study and analysis. To further protect patient confiden-
iality, we do not report covariates or outcomes that oc-
urred to less than five people.
Datasets used for the study. To measure radiologic
AA monitoring and patient outcomes, we linked to sev-
ral population-based administrative datasets from the
ublically-funded health care system of Ontario, Canada.
he Ontario Health Insurance Plan (OHIP) dataset re-
ords claims for essentially all radiological studies con-
ucted by physicians of all specialties (including nonradi-
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Volume 54, Number 5 van Walraven et al 1291ologists). The Discharge Abstract Database (DAD) records
information about all hospitalizations. The National Am-
bulatory Care Reporting System (NACRS) records infor-
mation about all emergency room visits. The Registered
Patients Database (RPDB) records the birth and (where
applicable) death date of all Ontarians. RPDB does not
capture the cause of death but does capture deaths that
occur in the community, all hospitals, and those that occur
out of province (including other countries). The Ontario
Chronic Care Patient System (OCCPS) records all patients
staying in Ontario registered long-term care facilities up to
2006 (after which it is replaced by the Chronic Care Re-
porting System [CCRS]). The database codes used for the
study are listed in Appendix A (online only).
Study cohort. This study’s sample frame included all
patients who underwent abdominal imaging at The Ottawa
Hospital (TOH) between January 1, 1996 and September
30, 2008 (Fig 1). We used a validated text algorithm7 to
electronically screen the reports of a 25% simple random
sample of 311,066 abdominal computerized tomography
(CT), ultrasound (US), and magnetic resonance imaging
(MRI) examinations. Nine thousand five hundred eleven
“screen-positive” reports were manually reviewed to iden-
tify all incidental AAAs (defined as an abnormal dilation of
the abdominal aorta with a maximal diameter between 30
mm and 55mmwithout the ordering physician stating that
they suspected an AAA [indications for radiological studies
are cited by the radiologist when they dictate their reports]
or symptoms or signs of AAA indicated on the study
requisition; mention in the report of a previous AAA or
signs of leaking or rupture; or repair immediately following
the radiological study).
This dataset was linked to OHIP (Appendix A, online
only) to identify all abdominal imagings that were done
prior to the AAA identification date. Using the AAA diam-
eter and the date it was identified (the ‘index date’), we
applied the AAA growth equation from Brady et al9,10 to
estimate the time period (prior to the index date) during
which the AAA diameter likely exceeded 30 mm (Appendix
B, online only). People having any imaging during this time
period were excluded (since the imaging would likely have
identified the AAA, therefore making the AAA not truly
incidental on the index date). Finally, we also excluded
patients whose total observation time (defined below) was
less than the time to the first recommended follow-up
imaging (Appendix C, online only).
Data collection. From the index abdominal imaging
report, we abstracted the AAAs size and location. From our
hospital’s information system, we determined the patient’s
age, gender, and location when the AAA was identified (ie,
community, emergency department, or hospital).
We linked this dataset to OHIP to identify all subse-
quent abdominal US, CT, and MRI studies (Appendix A,
online only) conducted on the cohort during their obser-
vation period. We compared the baseline AAA diameter to
the Canadian Cardiovascular Society guidelines11 to deter-
mine the recommended time to the first follow-up imaging
study (Appendix C, online only). Next, we used the AAA trowth equation from Brady et al9,10 to estimate the AAA
iameter when patients had their next abdominal imaging
tudy (Appendix B, online only) and determined the rec-
mmended time to their next AAA follow-up imaging
tudy (Appendix C, online only).
AAA follow-up imaging completeness. Fig 2 illus-
rates how we used the ‘consecutive months without imag-
ng’ to quantify the completeness of incidental AAA radio-
ogical monitoring. We used this methodology in a
revious study about incidental AAA monitoring.8 This
ariable increased by one unit for each consecutive month
hat a person did not have a recommended abdominal scan.
f a person subsequently underwent a scan, this variable was
eset to zero (Fig 2). To measure the association of inci-
ental AAA monitoring with time to outcomes, this vari-
ble was included in our Cox model as a time-dependent
ovariate.
Outcomes. Patient outcomes included: elective AAA
epair (identified in DAD, Appendix A, online only); ad-
ission to emergency department or hospital for ruptured
AA (identified in NACRS or DAD, respectively; Appen-
ix A, online only); and all-cause death (identified in
PDB). Our analysis identified less than five people with
uptured AAA; therefore, we do not report on this out-
ome.
Analysis. We used Cox proportional hazards multi-
ariable regression models to determine the association of
AA monitoring completeness with time to each outcome.
cans that were performed 3 months prior to elective
AA repair or1 week prior to death were not considered
follow-up imagings’ and were not included in our calcula-
ions for ‘monitoring completeness.’
Our model included potential confounders that we
dentified in a previous study8 as being significantly associ-
ted with monitoring completeness (patient age; baseline
AA diameter; and whether the AAA was identified inci-
entally in the emergency room or the hospital).
We also adjusted for patient morbidity and risk of death
sing an index based on the Johns Hopkins Adjusted
linical Groups (ACGs). This system assigns all Interna-
ional Classification of Disease (ICD) codes from physician
ssessments in the community and hospital to one of 32
iagnosis clusters known as Aggregated Diagnosis Groups
ADG). We recently derived and validated a multivariable
ogistic model that determined the independent association
f each ADG with risk of death in the subsequent year.12
his model (Appendix D, online only) had excellent dis-
rimination (c-statistic 91.7%) and calibration (the absolute
ifference between the observed probability of death and
he mean predicted probability of death was less than 0.01
n 97 of 100 centiles). For this study, we calculated a ‘risk of
eath’ score for each patient by summing the parameter
stimates (Appendix D, online only) for all groups applica-
le to that person. This score was included in the study
odels to control for factors associated with the risk of
eath.
Finally, we linked to population-based datasets to cap-
ure five other potential confounders. Disease nonspecific
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sions in the year prior to identification of the incidental
AAA (captured by linking to NACRS and OHIP); the
number of emergent hospitalizations in the year prior to
baseline (from DAD); and the nursing home status at
baseline (from OCCPS and CCRS). Disease-specific mea-
sures included: presence of diabetes (captured by linkage to
Fig 1. Creation of study cohortthe Ontario Diabetes Database, a population-based registry if diabetic Ontarians); and acute coronary syndrome (de-
ermined by linking to the Ontario Myocardial Infarction
atabase, a population-based registry of patients withmyo-
ardial infarction).13 Each of these factors were offered to
hemodel and retained if independently associated with the
odel’s outcome.
In our analysis, patient observation started when the
A, Abdominal aortic aneurysm.ncidental AAA was identified and ended at the earliest
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ment or hospital for ruptured AAA; all-cause death; or
March 31, 2009 (the final date at which all databases
were current). We used fractional polynomial functions
to determine the best linear or nonlinear form for con-
tinuous variables.14-16
RESULTS
Between January 1996 and September 2008, The Ot-
tawa Hospital conducted 311,006 abdominal CT, US, and
MRIs (Fig 1). Seventy-nine thousand one hundred twenty
one reports (25%) were randomly selected to screen for
AAA, of which 9511 were ‘screen positive.’ Eight hundred
twelve of these reported an incidental AAA (based on
information given in the report), 775 could be linked to
population-based databases, and 470 had no previous ab-
dominal imaging that would have identified the AAA. Of
these, 289 were excluded because: the AAA was repaired
(or the patient died) immediately after the AAA was iden-
tified (n  41); the AAA diameter exceeded 55 mm (n 
35); or their observation period did not extend beyond
their first recommended follow-up imaging (Appendix C
[online only], n  203).
This left a cohort of 191 patients with an incidental
AAA that required monitoring (Table I). These patients
were elderly (mean age, 73 years) and were predominantly
male (74.3%). More than a third of patients had one or
more emergency room visits or hospitalizations in the year
prior to the study. AAAs were small (mean diameter, 38
Fig 2. Quantifying incidental abdominal aortic aneurysm (
how we quantified incidental AAA monitoring completene
In this example, the AAA has a diameter of 3.4 cm when it
recommend that abdominal imaging be repeated in 3 yea
imaging until year 5 andwas therefore unmonitored betwee
without monitoring increased from 0 to 24 (bottom part of g
a time-dependent covariate to measure the association of i
AAA repair and death). We used this methodology in a premm), and most patients were in the community when the iAAwas identified. Patients had amedian observation time
f 4.4 years (range, 0.6-12.7 years).
Radiological monitoring of incidental AAA. Rad-
able I. Description of study cohort
emographic n  191
ean age (95% confidence interval) 73.3 (71.9, 74.6)
ale 142 (74.3%)
atient comorbidity measures
Emergency department visits in previous year:
0 122 (63.9%)
1 42 (22.0%)
2 27 (14.2%)
Hospitalizations in previous year:
0 126 (66.0%)
1 41 (21.5%)
2 24 (12.6%)
From nursing home 5 (2.6%)
Diabetes 46 (24.1%)
Previous myocardial infarction 19 (9.9%)
Median Adjusted Clinical Group index
score (interquartile range) 1.1 (0.6-1.8)
neurysm information
Patient location when AAA identified 
community 135 (70.7%)
Emergency department or hospital 56 (29.3%)
Infrarenal AAA 170 (89.0%)
Mean AAA diameter, mm (95% confidence
interval) 37.6 (36.6, 38.6)
AA, Abdominal aortic aneurysm.
)monitoring completeness over time. This figure illustrates
he “consecutive number of months without monitoring.”
overed incidentally. Guidelines (Appendix C, online only)
ne A). The patient illustrated above did not have repeat
ths 36 and 60.During this time, their consecutivemonths
. This variable was included in our survival (Cox) model as
tal AAA monitoring with time to the outcomes (elective
study about incidental AAA monitoring.8AAA
ss as t
is disc
rs (Li
nmon
raph)
ncidenological monitoring of incidental AAAs was incomplete.
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their aneurysm. Overall, patients spent one-fifth of their
time with incomplete AAA monitoring (median, 19.4%;
interquartile range [IQR], 0.3%-44%). The consecutive
amount of time without follow-up imaging of the AAA
increased over time, although brief fluctuations were
seen (Fig 3).
Elective AAA repair. Nineteen people (10.0%) un-
derwent elective AAA repair during the study, with an
elective repair rate of 2.01 per 100 person-years observa-
tion. After adjusting for potential confounders, we found
that the number of months without radiological monitor-
ing was independently associated with a significantly de-
creased likelihood of elective repair (Table II). According
to our model, the decreased likelihood of repair associ-
ated with incomplete monitoring appeared immediately
and was large. The hazard ratio of elective AAA repair
after 6 consecutive months without radiological moni-
toring was 0.06, indicating that a person with 6 consec-
utive months of incomplete monitoring was 94% less
likely to undergo elective AAA repair than one with
complete monitoring. As expected, the decreased hazard
of elective AAA repair persisted as long as people re-
mained unmonitored (Fig 4).
All-cause mortality. Seventy-two people (37.7%)
died during the study (death rate of 7.6 events per 100
person-years observation). Using Kaplan-Meier method-
s,the median time to death was 8.5 years (95% confidence
interval, 7.2-10.2 years). After adjusting for potential con-
founders, incomplete monitoring was strongly and indepen-
dently associated with an increased risk of death (Table II).
According to the model, the increased risk of death was
highest early on during the unmonitored period (Fig 4).
The increased risk of death persisted throughout the
entire period that people went without follow-up imag-
Fig 3. Completeness of incidental abdominal aortic aneurysm
(AAA) monitoring over time. This figure presents the median
(heavy line) and both 25th and 75th percentiles (dotted lines) for
consecutive number of years without radiological monitoring of
incidental AAAs in the study cohort.ing. wISCUSSION
To our knowledge, this is the first population-based
tudy to measure the association of the radiological moni-
oring of incidental AAAs with patient outcomes.We found
hat patients whose incidental AAAs were incompletely
onitored had a significantly decreased risk of elective AAA
epair and increased risk of death. Due to the retrospective
nd nonrandomized nature of the study, we cannot claim
hat our results are causal.
This study both confirms and extends the results of our
revious analysis on incidental AAA monitoring in three
ays. First, our previous study8 was limited to radiological
onitoring conducted at our hospital. The present study
dentified every abdominal imaging study that patients had
uring their follow up using population-based databases.
he complete capture of radiological monitoring removed
ll misclassification of AAA monitoring completeness due
o radiological tests conducted outside of our hospital. This
xplains why our present analysis showed a much stron-
er association between radiological monitoring and
AA repair: the present analysis showed that an increase
f 1 month without recommended abdominal imaging
ecreased the adjusted relative risk of elective AAA repair
lmost 50% (hazard ratio [HR], 0.52) compared with
6% (HR, 0.74) in our previous study. Second, the
resent analysis allowed us to identify all radiological
tudies done before the start of patient follow-up. This
et us exclude patients whose AAA had possibly been
dentified prior to the index scan at our hospital. Finally,
y linking to population-based vital statistics datasets,
he present analysis was able to show that incomplete
onitoring was associated with patient death. Patient
ortality could not be determined in our previous,
ospital-based analysis.
Our findings highlight the adverse outcomes that can
ccur when incidental abnormalities are not followed
nd managed properly. Incidental findings during radio-
ogical examinations are very common.1-5 When these
ncidental abnormalities are not life-threatening and do
ot need to be addressed immediately, clinicians may
orget to address them while their attention is focused on
he original indication for the test. Redelmeier et al
uantitatively illustrated how such ‘undertreatment of
nrelated disorders’ is common.17 Our findings high-
ight how clinicians should try to ensure that such omis-
ions are avoided. We also believe that other studies need
o be done to determine the incidence of other unad-
ressed incidental findings and their effect on patient
utcomes.
Several interventions could be introduced to improve
he monitoring of incidental AAAs and improve patient
utcomes. Policies could be introduced where the radi-
logist directly contacts the ordering physician about the
dentification of the incidental AAA. Since diagnostic
tudies are frequently ordered by physicians other than
he patient’s primary care physician (and the one who
ould be most likely to invoke radiological monitoring
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AAA could be sent to the patient’s family physician along
with recommendations for repeat abdominal imaging
frequency. Finally, patients without a family physician
could be referred to local “AAA monitoring clinics.”
It is difficult to determine whether incomplete mon-
itoring actually caused the outcomes that we observed in
this study. For example, patients with extensive comor-
bidities may not be candidates for AAA repair and would
therefore not require serial follow-up imaging. Such
patients are also at an increased risk of death. However,
our analytical models contained all factors that we previ-
ously identified to be associated with radiological moni-
toring. We also included a newly created index that is
strongly predictive of mortality. Finally, we offered to
the model many covariates that measure patient comor-
bidity. Even with each of these covariates to adjust for
patient comorbidity, we found that incomplete monitor-
ing of incidental AAA was strongly associated with the
likelihood of AAA repair and the risk of death. While
unresolved confounding could explain some of these
associations, we believe that our results indicate that an
important number of people in our study did not have
their incidental AAA radiologically monitored and expe-
rienced poor outcomes as a result. Future studies should
measure the association of AAA monitoring with time to
AAA-related mortality.
We found a notably nonlinear association between
incomplete AAA monitoring and the risk of all-cause death
(Fig 4). The best fit for this association involved a very
elevated relative hazard of death early on in the course of
incomplete monitoring that tapered rapidly and eventually
stabilized to a doubled risk of death. In contrast, we had
expected this association to increase gradually as the con-
secutive number of years without monitoring increased. It
is possible that the tapering association that we observed is
partly due to people whose AAA did not continue to
expand (since the risk of death does not continue to in-
crease in such patients). Brady et al noted that the AAA in
6.4% of patients in their cohort actually decreased in size
during follow up.9 This tapering could also be due to ill
Table II. Independent association of other patient factors
Factor
A  E
PE P value
Age (per decade) 0.42 .12
Baseline AAA diameter (per cm) 1.82 .0001
AAA identified in hospital or emergency
department (vs community) 0.72 .27
Adjusted clinical group score (see
Appendix D for details) 0.36 .27
Hospitalizations in previous year
increased by 1 — —
AAA, Abdominal aortic aneurysm; CI, confidence interval; HR, hazard rat
This table presents PE and HR with 95% CI from Cox models for elective A
monitoring completeness (Fig 3). The association of radiological monitorinpatients—who do not undergo radiological monitoring— rying early on during their time without monitoring. This
ould explain the initial spike in the adjusted hazard ratio
ssociating monitoring and risk of death.
Several points should be noted when interpreting our
esults. Although this is the largest cohort of people with
ncidental AAAs whose radiological monitoring and out-
omes have been tracked over a long period, our study
ontained less than 200 people from a single institution.
herefore, the applicability of these results to other institu-
ions still needs to be established.However, studies at other
acilities have also shown that incidental AAAs are com-
on and are commonly not addressed by clinicians.6
econd, the indication for the index scan would be
issing if the ordering physician did not write it on the
equisition or the radiologists did not dictate it in the
eport. If either of these events occurred, the AAAs in
ur cohort would not be completely incidental (ie, some
f them would have been suspected). We believe that this
ould have improved the radiological monitoring mea-
ured in our sample. Third, our goal was to create a cohort
f truly incidental AAAs. We therefore excluded patients
ho had previous abdominal imaging that—by Brady’s
odel—would have identified the AAA noted at our hos-
ital. Because of errors in this model, this step may have
xcluded some people whose AAA was truly incidental
ince it was not present on the previous scan. While these
teps decreased the number of people in our cohort (from
75 to 470), we believe that it was necessary to ensure that
ur cohort was—as much as possible—restricted to truly
ncidental AAAs. Fourth, the datasets used for the study did
ot capture the indication of each radiographic study.
hese data would give us a more accurate assessment of
onitoring completeness. Fifth, since our models had a
imited number of outcomes (19 in the elective repair
odel), the replicability of our results to other populations
s limited. Finally, some of the patients in our cohort may
avemade an informed decision to not have their incidental
AA radiologically monitored. In these cases, the lack of
erial imagings would not be inappropriate.
In summary, incomplete incidental AAA radiological
onitoring was significantly associated with a decreased
time to elective AAA repair and death
e AAA repair B  All-cause death
HR 95% CI PE P value HR 95% CI
0.66 (0.38, 1.12) 0.31 .04 1.36 (1.02, 1.83)
6.17 (4.14, 9.21) 0.25 .27 1.28 (0.83, 2.00)
0.49 (0.14, 1.75) 0.41 .13 0.66 (0.39, 1.13)
0.7 (0.37, 1.33) 0.51 .0004 1.67 (1.26, 2.22)
— 0.27 .04 1.31 (1.01, 1.69)
, parameter estimates.
pair and all-cause death. These values are adjusted for the influence of AAA
outcomes is presented graphically in Fig 4.with
lectiv
io; PEisk of elective AAA repair and an increased risk of death.
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JOURNAL OF VASCULAR SURGERY
November 20111296 van Walraven et alWhile uncontrolled confounding might explain part of
these associations, these results highlight the importance of
ensuring that incidentally identified AAAs are properly
Fig 4. Independent association of consecutive years with
to elective AAA repair and time to all-cause death. Th
association of consecutive years without monitoring (h
and time to all-cause death (black line). The hazard r
someone with that amount of years without monitorin
radiologically monitored. For example, the hazard of
monitoring for 1 year is three times that someone who
adjusted for all other factors presented in Table II. Wit
monitoring was expressed as consecutive months witho
ing-2 * log (consecutive months without monitoring)
years without monitoring was expressed as consecu
without monitoring * log (consecutive months withomonitored. AUTHOR CONTRIBUTIONS
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bdominal aortic aneurysm (AAA) monitoring with time
rtical axis presents the adjusted hazard ratio for the
ntal axis) with time to elective AAA repair (gray line)
indicates the adjusted relative hazard of an event for
mpared with someone whose incidental AAA is being
for a person whose AAA went without radiological
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November 20111297.e1 van Walraven et alAppendix B (online only). Using baseline AAA di-
ameter to estimate aneurysm diameter at subsequent ab-
dominal imaging, Brady9,10 determined the following qua-
dratic equation to model AAA growth over time:
(A) AAA diameter (mm) 0.11 * (years from baseline) 2
 2.3 * (years from baseline) 42.9
We used this equation to estimate AAA diameter at any
time during their observation using the following steps:
1. Determine the number of years it would take from baseline
for the patient’s AAA to grow to 42.9 mm.
Brady’s quadratic equation models the growth of an
AAA whose diameter at baseline is 42.9mm. We rear-
ranged this equation to determine the number of years it
would take for the patient’s AAA to grow to 42.9 mm:
(B) Years required for AAA to grow from baseline
diameter to 42.9 mm2.3✓(13.59 0.44
* baseline AAA diameter) ⁄ 0.22
Note that this will return a negative number if the
Appendix A (online only). Database codes used for this
Entity Sub Datase
Ruptured AAA CIHI-DA
Abdominal imaging CT OHIP
MRI OHIP
US OHIP
AAA repair
AAA, Abdominal aortic aneurysm; CIHI-DAD, Canadian Institute for Hea
magnetic resonance imaging; OHIP, Ontario Health Insurance Plan; US, ubaseline AAA diameter is 42.9 mm.. Determine the number of years between when the inciden-
tal AAA was identified and the subsequent scan.
. Add the years required for AAA to grow from baseline
diameter to 42.9mm (from Step 1) to number of years
from baseline to subsequent scan (from Step 2).
. Calculate the estimated AAA diameter at the subsequent
scan by solving Equation A substituting the value from Step 3
for the ‘years from baseline’ parameter in Equation A.
or example, consider a patient whose AAA was 40 mm at
aseline. Solving equation B with a baseline AAA diameter
f 40 returns1.35 (indicating that it would take this AAA
.35 years to grow from 40 mm to 49.2 mm). If the
ubsequent scan occurred 15 months after the incidental
can, we would add (15/12) and 1.35 to get 0.10 and
hen substitute this value into equation A to get the AAA
iameter at the subsequent scan:
(0.102) 2.3 (0.10) 42.9 42.7 mm (0.11)
herefore, an AAA that was 40 mm would be estimated to
ave a diameter of 42.7 mm in 15 months.
Pre-2002 2002
441.1 I71.0
441.3 I71.1
441.5 I71.3
I71.5
I71.8
X409 X409
X410 X410
X126 X126
X451 X451
X455 X455
J135 J135
J435 J435
J128 J128
J428 J428
38.34 1ID76MU-XXA/K/N/Q
38.36 1ID76MV-XXA/K/N/Q
38.44 1ID76MX-XXA/K/N/Q
38.45 1ID76MY-XXA/K/N/Q
38.46 1ID76MZ-XXA/K/N/Q
38.64 1ID80LA-XXA/K/N/Q
39.25 1ID80QF-XXA/K/N/Q
39.26 1KA50GQ-BD/OA
39.29 1KA80GQ-NRN
39.52 1KA76MZ-XXA/K/N/Q
39.71 1KA76NM-XXA/K/N/Q
1KA80LA-XX/A/K/N/Q
1KE50GQ-BD/BF/OA
1KE50LA-BD/BF
ormation-Discharge Abstract Database; CT, computed tomography; MRI,
nd.study
t
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Volume 54, Number 5 van Walraven et al 1297.e2Appendix C (online only). Frequency of abdominal aortic aneurysm (AAA) imaging required to reduce risk of growth
beyond 5.5 cm to 1%9
Aneurysm
diameter
Imaging frequency
recommended by Brady9
Imaging frequency
recommended by Canadian
Cardiovascular Society*18
Imaging frequency recommended by American
College of Cardiology/American Heart
Association19
3.5 cm Every 36 months Every 36 months Every 24-36 months
3.6-4.0 cm Every 24 months Every 24 months
4.1-4.5 cm Every 12 months Every 12 months Every 6 months
4.6-5.0 cm Every 3 months Every 6 months  referral to
vascular surgery5.0 cm Every 2 months Referral for repairThe monitoring frequency in these guidelines has been shown to reduce the risk of unmonitored abdominal aortic aneurysm growth beyond 55 mm to 1%.9,10Appendix D (online only). Logistic regression model associating Johns Hopkins ADG and 1-year risk of death
ADG name ADG No. Odds ratio Parameter estimate
Time limited: minor 1 0.946 0.056
Time limited: minor-primary infections 2 1.114 0.108
Time limited: major 3 1.652 0.502
Time limited: major-primary infections 4 1.666 0.510
Allergies 5 0.676 0.392
Asthma 6 1.128 0.120
Likely to recur: progressive 9 1.606 0.474
Chronic medical: stable 10 0.827 0.190
Chronic medical: unstable 11 1.849 0.615
Chronic specialty: stable-orthopedic 12 0.795 0.229
Chronic specialty: stable-ear,nose, throat 13 0.763 0.270
Chronic specialty: stable-eye 14 0.800 0.223
Chronic specialty: unstable-orthopedic 16 0.845 0.168
Chronic specialty: unstable-ear, nose, throat 17 0.656 0.422
Chronic specialty: unstable-eye 18 0.841 0.173
Dermatologic 20 0.674 0.395
Injuries/adverse effects: major 22 1.159 0.148
Psychosocial: time limited, minor 23 1.166 0.154
Psychosocial: recurrent or persistent, stable 24 1.046 0.045
Psychosocial: recurrent or persistent, unstable 25 2.880 1.058
Signs/symptoms: minor 26 1.248 0.222
Signs/symptoms: uncertain 27 1.123 0.116
Signs/symptoms: major 28 1.248 0.222
Discretionary 29 0.835 0.180
Prevention/administrative 31 0.872 0.137
Malignancy 32 2.397 0.874
Pregnancy 33 0.732 0.312
Dental 34 1.198 0.181
ADG, Aggregated diagnosis group.
This logistic model also included patient age and gender. It measured the independent association of each ADG group with risk of 1-year death. Only those
ADG groups with significant odds ratios were kept in the model. For this study, we summed the parameter estimates for all groups that applied to each patient
to calculate a ‘risk of death’ score. This was included in the study models to control for factors associated with the risk of death.
